Current methods of treatment of barbiturate poisoning, which consist of supportive measures aimed towards maintenance of life until the drug can be excreted or metabolized, have occasioned considerable dissatisfaction because of their lack of specificity. Ideal therapy must be directed toward either more rapid removal or accelerated detoxification of the barbiturate preparation. The closest approach to this goal has been the use of massive intravenous infusions to initiate diuresis with consequently more rapid urinary excretion of the drug.
Morbidity and mortality in a significant number of patients with barbiturate toxicity are not directly related to the primary depressant effect of the drug. Many patients, especially in the older age group, die because of respiratory difficulties. Morbidity at all ages is often increased by such complications. The number and severity of these could be reduced if the drug were removed from the body more rapidly, thus shortening the period of coma.
The application of massive hydration (1) or cross-circulation of a poisoned dog with a large untreated animal (2) has been shown to permit survival of narcotized dogs given doses of barbiturate that ordinarily prove fatal. These studies indicated that permanent fixation of barbiturate to tissues is not the major factor in mortality and strongly suggested that beneficial effect might result from lowering of the blood barbiturate level, irrespective of the total amount of barbiturate contained within the body.
Hemodialysis will not remove substances that are firmly attached to protein. Brodie and his associates (3) have presented evidence that only a certain portion of the circulating barbiturate is so bound and there is a possibility that the binding is loose, a form of equilibrium existing between the bound and the unbound portions. On this premise it appeared worthwhile to ascertain the possibility of removing barbiturate from the body by means of hemodialysis.
METHODS
The instrument used for hemodialysis in this investigation was the Kolff type of artificial kidney, modified and utilized extensively by Merrill and his associates (4, 5) and studied further by Wolf, Remp, Kiley, and Currie (6) .
Determination of the barbiturate content of the blood, urine and bath fluid was carried out in early experiments by a method (Method A) which combined the salient features of several previously described procedures (7) (8) (9) .
In later experiments, the procedure (Method B) of Goldbaum was employed (10) . Both methods employed, as well as other methods of barbiturate analysis, suffer from a lack of specificity since they do not differentiate between the barbiturate, a breakdown product or a metabolic coupling product. Method A Blood: Five ml. of oxalated blood, buffered to pH 5.5 with 1 M KH,P04, was extracted with 50 ml. of chloroform. An aliquot of the filtered chloroform extract, usually 40 ml., was then extracted with two portions (5 ml. and 3 ml.) of 0.2 NaOH. Nitrogen gas was bubbled through this combined alkaline extract to remove any dissolved chloroform, and the volume was brought up to 10 ml. An aliquot of 5 ml. was removed and added to an equal volume of borate buffer which adjusted the solution to pH 10. The optical density at 240 m' was determined in the Beckman D.U. spectrophotometer and the amount of barbiturate estimated from the optical densities of standard solutions of the barbiturate in similarly buffered solvent. Whenever possible the concentration of barbiturate in blood was corrected by subtracting the apparent concentration of similarly treated blood obtained from the patient before the administration of any drug. This blank value varied, but the average of 25 determinations revealed it to be about 0.45 mg. per 100 ml. of blood Bath and urine: For analysis of bath or urine, samples of 50 ml. were extracted with 50 ml. of chloroform and the procedure followed as described previously under blood. Method B Blood and urine: The method as described in (10) was followed.
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Bath: Since the levels found in the bath were occasionally as low as 20 mg. in 100 liters of bath, much larger aliquots were required for extraction in order to obtain concentrations of barbiturate in the NaOH extracts that would provide accurate optical density readings. In order to extract these larger aliquots efficiently it was found necessary to use the following procedure: 50 ml. of bath fluid were adjusted to pH 5.5 with 1 M IZH,PO, and extracted three times with 100, 50, and 50 ml. portions of chloroform. The pooled chloroform extract was then washed with 10 ml. of phosphate buffer (pH 7.4) once and filtered. A 175 ml. portion of this filtered chloroform extract was then extracted with 10 ml. of -0.45 N NaOH. Thereafter the procedure described for the determination of blood barbiturate was followed.
Recovery of the different barbiturates from urine and bath fluid is listed in Tables I and II . It can be seen that with increased concentration in the bath fluid, precision in the analysis of the barbiturate is also increased. It is also evident that bath samples of less than 100 mg. per total bath cannot be analyzed by Method A, unless, instead of 50 ml., a 100 ml. portion of bath is used; or if the chloroform is extracted with 5 ml. rather than 10 ml. of NaOH. With this modification levels as low as 50 mg. per total bath could be analyzed. In Goldbaum's method (B) levels as low as 20 mg. of barbiturate per total bath could be determined with a reasonable degree of accuracy.
Recovery from blood of 100 ± 5 per cent could be demonstrated by Method A in determining blood barbiturate content in samples of blood containing concentrations ranging from 0.5 mg. to 2.0 mg. per 100 ml. Goldbaum (10) mentions that differences of 0.1 mg. per 100 ml. of blood could be detected by his method and we have found this to be true.
RESULTS
Initially, patients who were to undergo hemodialysis because of renal disease were given a barbiturate preparation to determine whether the drug could be recovered from the dialysate fluid. Identification of the presence of barbiturate in the bath fluid indicated that this drug was dialyzable but gave no quantitative measure of its removal.
To compare excretion of barbiturate with its removal by hemodialysis, the urinary excretion of phenobarbital and sodium amytal, in terms of per cent of a given dose over a given period of time, was compared with the removal of these drugs by the artificial kidney. Patients without clinical evidence of kidney disease served as subjects for comparison with those dialyzed. The results are shown in Figure 1 . In a period of two and one-half hours, 4 per cent of the phenobarbital was excreted in the urine while in the same period of time 66 per cent of the same dose of this drug was removed by hemodialysis. Expressed in different terms, removal by dialysis was 16 times greater than excretion in the urine over the same period of time.
In a period of four hours 0.5 per cent of a given dose of sodium amytal was recovered in the urine as compared with removal of 18 per cent by hemodialysis, indicating that removal by dialysis was 36 times more efficient than urinary excretion. The actual per cent of phenobarbital recovered was much greater than that of sodium amytal, most probably attributable to the fact that sodium amytal is metabolized more rapidly. Urinary excretion of barbiturate, in patients with barbiturate poisoning, was then compared with removal by dialysis in a patient given a dose of the drug sufficient to bring his blood level into a range comparable to that found in the patients with poisoning. It was observed that excretion of barbiturate, even in the patients who had ingested large amounts of this drug, in no way compared with removal by dialysis in a patient with a hematocrit determinations on these specimens were conducted to evaluate the possibility that a changing plasma volume might affect blood barbiturate levels. Two hundred milligrams of sodium amytal were administered intramuscularly two and onehalf hours before, and again one-half hour after the beginning of dialysis. This study revealed that the blood barbiturate level was at all times lower on the venous side of the circuit, indicating that barbiturate was being removed from the blood during its course through the artificial kidney ( Figure 3) . The arterial and venous blood barbiturate levels followed each other closely during dialysis and the arterial and venous hematocrit values showed no significant change during the six hour period, indicating that the changing blood levels were due to actual removal of barbiturate. During the first three hours of dialysis 96 mg. of barbiturate were recovered from the bath fluid but subsequent samples contained insufficient barbiturate to allow accurate measurement by the technique employed (Method A). However, it was apparent that at least 25 per cent of the given dose had been removed by dialysis and in view of the continued differential between venous and arterial levels it is probable that a greater amount had been removed. This patient most probably maintained a significant blood concentration of this rapidly metabolized barbiturate preparation because of the Following these preliminary studies it became possible to treat two patients with severe barbiturate poisoning by means of hemodialysis. Case 1. The first patient was a woman of 50 years who had ingested an unknown amount of Nembutal at an unknown time prior to her admission to another hospital. At this time she was comatose, unresponsive to all stimuli and completely areflexic. The patient was given routine therapy in the form of an airway, removal of bronchial secretions, antibiotics, analeptics and constant infusions. In spite of this treatment she remained in deep coma, and, after 36 hours, began to fail rapidly. The blood pressure began to fall, atelectasis developed and tracheotomy became necessary. At this time dialysis was conducted. At the beginning of the procedure the blood pressure was 80/40 mm. Hg, she was areflexic, and, in spite of constant suction through the tracheotomy tube, was mildly cyanotic. During a five hour period of dialysis by the artificial kidney her condition steadily improved. At the end of one and one-half hours the blood pressure began to rise, and at the end of four hours her deep tendon reflexes could be elicited for the first time since hospitalization. At the termination of dialysis the blood pressure was normal, deep tendon reflexes were present and she responded by movement to 3 mg. of intravenous picrotoxin, whereas prior to this procedure she had shown no response to continued large intravenous doses of this drug. The patient regained complete consciousness eight hours following dialysis and made an uneventful recovery. The blood barbiturate level was 5.9 mg. at the onset, and 3.0 mg. at the termination of dialysis. The blood barbiturate level remained approximately constant during the last three hours of dialysis, despite continued removal of barbiturate (Figure 4 ), suggesting that barbiturate was being removed from extravascular sources. A five hour urine specimen was collected just prior to utilization of the artificial kidney, allowing comparison of removal of barbiturate by urinary excretion and by dialysis. Seven hundred and forty milligrams were removed by dialysis as compared to the urinary excretion of 30 mg.-a ratio of 24: 1 ( Figure 5 ). Case 2. The second patient was a 34 year old woman who had taken 10 gms. of sodium amytal approximately 48 hours preceding dialysis. She was admitted to the emergency room of another hospital 90 minutes after ingestion of the drug and gastric lavage revealed a few small blue particles in otherwise clear fluid. The initial examination revealed a comatose patient unresponsive to all stimuli, with absent corneal reflexes and a fixed gaze. All deep tendon reflexes were absent except for the patellar reflexes which were hyperactive. She responded with purposeless movements to the intravenous administration of 6 mg. of picrotoxin.
The patient was treated with the usual methods including massive intravenous fluid therapy but without further analeptics because of her response to the test dose. Her A neurologic consultant believed, in view of the coma, fixed pupils, absent corneal reflexes and changing neurologic signs in the lower extremities, that there was cerebral damage and recommended hemodialysis. The patient was treated by means of the artificial kidney for four and one-half hours. During the early part of the procedure she developed respiratory distress which necessitated bronchoscopic removal of secretions. later during dialysis all of the deep tendon reflexes returned, as did the corneal response. The eyes began to roll and ankle clonus became less marked. At the end of three and one-half hours she began to respond to painful stimuli and at the termination of dialysis moved spontaneously. The blood barbiturate level fell during this period of time from 5.2 to 3.5 mg. per 100 ml. of blood and 300 mg. of barbiturate were recovered from the bath ( Figure 6 ). The patient subsequently improved rapidly with increasing spontaneous activity and complete disappearance of the abnormal neurologic signs. She was completely conscious 16 hours following dialysis and subsequently made a complete recovery.
A four hour urine specimen was obtained from the patient immediately prior to dialysis, allowing comparison of the amount of barbiturate in this specimen with the amount obtained during dialysis. Removal in the urine during the same period of time immediately prior to dialysis when the blood level was slightly higher, 30 times more barbiturate thus being removed by hemodialysis than by urinary excretion (Figure 6 ).
DISCUSSION
The problem of barbiturate poisoning is of considerable clinical importance (11) and although constant efforts have been made to effect better methods of treatment, those available at the present time are by no means totally desirable. The removal of barbiturate by hemodialysis is a new approach to this problem which, because of the increasing number of artificial kidneys available, is of practical importance. The artificial kidney has been chiefly used for the removal of endogenous toxins or metabolites. A previous report from this clinic demonstrated that hemodialysis is an effective method whereby acetylsalicylic acid can be removed from the body (12) . Merrill has reported the use of the artificial kidney in the therapy of bromide poisoning (13) and has commented on its application to barbiturate intoxication (14) . This preliminary study demonstrates that barbiturate can be removed much more effectively by hemodialysis than by urinary excretion. It has been shown that patients with barbiturate poisoning tolerate the procedure of hemodialysis well and demonstrate improvement in their clinical picture during dialysis. Suggestive data have been obtained that application of vividialysis shortens the period of coma and it appears very possible that this method of treatment may be, in cases of severe poisoning, a life-saving procedure. It remains to be determined whether utilization of the artificial kidney early in the course of poisoning may not shorten materially the period of unconsciousness and thus protect the patient from the severe complications which result from prolonged coma. During this study emphasis was placed on evaluation of the efficacy of the artificial kidney in effecting removal of barbiturate from the body and all evidence supports the value of the procedure. Because of initial fears regarding the safety of hemodialysis, effort was made to treat only those patients who appeared to have little chance of survival without utilization of the artificial kidney.
The results obtained make it appear that certain advantages might be obtained by hemodialysis in some patients with lesser degrees of barbiturate poisoning soon after the ingestion of the drug. CONCLUSIONS Barbiturate drugs can be removed from the human body effectively by hemodialysis with the Kolff type of artificial kidney.
Comparison of the removal of barbiturate by urinary excretion and by utilization of the artificial kidney indicates that the latter procedure is 20 to 30 times more effective. Data obtained from 2 patients with barbiturate poisoning indicate that 25 to 30 hours are required for urinary excretion of that amount of barbiturate which can be removed by hemodialysis in one hour.
The treatment of severe barbiturate poisoning by hemodialysis appears to be practical and effective.
